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(57) Abstract 

A display device comprising a plurality of deformable mirror devices arranged in a matrix array (20) to reflect light from a 
source (22) to a receiver (24) when in an on state, arranged to display grey level intensity values in response to digital input sig- 
nals by switching the modulators on or off for periods corresponding to the significance of bits of a digital grey scale input word, 
in which there are provided dead time intervals in which the modulators are in a reset condition during which bit data can be writ- 
ten to the array (20). 
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DISPLAY DEVICE 



This invention relates to a display device (or a similar 
output device such as a matrix printer) of the type 
comprising an array of electrically switched light 
modulating devices, and to a method of operating such a 
device. 



One type of electrically switched light modulator is the 
10 deformable mirror device described in "Deformable-Mirror 
Spatial Light Modulators Hornbeck, published in the 
proceedings of SPIE Volume 1150 on 6-11 August 1989 in 
San Diego, California, USA. EP 0332953, 0385705, 
0385706 and 0391529 also describe such devices, m this 
15 type of device an optical reflector is mounted on a 
torsion element over a surface mounted control terminal , 
so that applying a field between the reflector and the 
terminal causes the reflector to pivot against the action 
of the torsion mounting. In use, a display device 
20 comprises a plurality of such modulators arranged as an 
array with a light source arranged to illuminate the 
display so that, from a viewing position or optical ~~ 
pick-up, the light reflected from each modulator is 
related to the deflection of the modulate^, it is 
25 possible to use such a device to effect a continuous 



- 2 - 



quantitative light modulation, by applying an analog 
signal level within a certain range to the electrode, in 
which case the deflection is a function of the analog 
level. The present invention is, however, concerned with 
5 devices which are operated to have discrete modulation 
states. In such devices, each modulator appears either 
bright or dark (e.g. ON or OFF) depending upon its 
discrete state. 

10 In a digital device where it is desired to display grey 
scale images, one solution is to utilise the integrating 
response of the human eye by controlling the time for 
which the display device is switched on. In one 
particular scheme used in liquid crystal light 
15 modulators, described in GB 2014822 for example, this is 
arranged by accepting the signal to be displayed in a 
binary digital form, for example of 8 bits, and then 
operating the device in a on/off state over eight periods 
(or, in general, a number of periods which corresponds to 
20 the number of bits) the bit periods being of different 
lengths, the state of the device (ON or OFF) in each of 
the periods being responsive to the state of a 
corresponding one of the bits. 
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The length of the least significant bit (LSB) period is 
fixed and predetermined, and the length of the next most 
significant period is twice as long, and so forth, so 
that the length of the most significant bit period is 128 
5 times that the of the least significant bit period, in 
general, for an N bit binary word, the length of the 
most significant bit period is 2~N-1 times the LSB period 
Provided that all the periods take place within a display 
frame of less than around 20 msecs duration, the human 
10 eye will integrate the periods and respond as if to a 
single period having a level of brightness corresponding 
to the binary signal value. The brightness is thus given 
N * -1 

by i=0 b i 2 ~~ ^b'-^^ \sb is the least significant 
bit period. In this display device, the modulators are 

15 operated in a bi-stable manner so that each modulator is 
stably latched in its display state throughout a bit 
period, enabling the signal for the next bit period to be 
is supplied to its control terminal in the meantime. At 
the end of each bit period, a resetting signal is 

20 supplied to all modulators to switch them into the state 



which corresponds to the next bit signal previously 
supplied to their control terminal. 



- 4 - 



It will thus be seen that, because the state of each 
modulator is latched during each bit period, the bit data 
to be displayed in the next period is in each case loaded 
in the bit period which precedes it. The bit periods are 
5 of unequal length and the shortest bit period is that for 
the least significant bit, which in the known proposal is 
scale 1/255 of the frame repetition period for an eight 
bit grey scale. Since the frame repetition period is 
generally less than 20 msecs, the length of the least 
10 significant bit period is typically less than 78 usees 
and in this time data comprising one bit for each of the 
display modulators (typically on the order of 500 x 500 
modulators arranged as a display) must be transmitted so 
that the data rate is on the order of HHz. This high 
15 data rate is undesirable, and if the data rate is limited 
by some physical constraint such as capacitance of 
address lines, it is easily seen that the data rate will 
therefore constrain the minimum length of the least 
significant bit and hence the number of bits available in 
20 each frame period to represent brightness (in other 
words, the grey scale resolution). 

The present invention provides a display, or similar, 
device employing an array of elements of this type xn 
25 which the display circuitry is such that, following at 
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least the least significant bit period, there is provided 
a further period of time in which the elements are 
inactive and during which data is written to the 
elements . 

5 

Viewed in another way, the invention consists in 
providing a display or similar device of this general 
type in which during a bit period, bit data relating to 
the next bit period is written to the control terminals 
10 of the elements, in which the state of the elements is 
reset at the end of the bit period but data continues to 
be written to control terminals thereafter. 

In another aspect the invention consists in providing an 
15 array of light modulators capable of operating in either 
a bi-stable or a tri-stable condition and means for 
selecting one of said conditions at one point of a 
display cycle and the other during another point, 

20 The invention can provide a substantial increase in the 

— time_available_for_writing_data_to_the_display, enabling 

either lower data rates or a higher resolution (number of 
bit periods) to be used. However, this is achieved 
without additional switching operations so that there is 

25 no loss in the useful device lifetime. 
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The invention provides also corresponding methods of 
operating such devices. Other aspects and embodiments 
are as described, with advantages which will be apparent 
from the following description. 

5 

The invention is particularly applicable in projection 
display systems as described in our International 
Applications published as W091/15923 and W091/15843, 
which are incorporated herein by reference in their 
10 entirety. 

The invention will now be described, by way of example 
only, with reference to the accompanying drawings in 
which: 

15 

Figure 1 shows schematically a light modulator used in 
one embodiment of the invention; 

Figure 2 shows schematically an array of such light 
20 modulators comprising a display device; 



Figures 3A and 3B illustrate the basis of bi-stable and 
tri-stable operation of the modulator of Figure 1; 
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Figure 4 shows the timing of signals in a device 
according to a known proposal; 

Figure 5 shows the general form of a display device of a 
5 known proposal; 

Figure 6 shows in greater detail the addressing circuitry 
of the device of Figure 5; 

10 Figure 7 shows the timing of signals in a device of this 
general form; 

Figure 8 shows the timing of signals in a device 
according to one embodiment of the invention; 

15 

Figure 9 shows the timing of signals in a device 
according to a further embodiment of the invention; 

Figure 10 shows a timing circuit for use in that 
20 embodiment of the invention. 



Referring to Figure 1 a light modulator of the type 
referred to in the aforementioned Hornbeck paper 
comprises a torsion beam 2 in the form of a pidLe, 
25 supported by a torsion rod 4 which in turn is supported 
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at its ends (not shown), A substrate 6 carries a pair of 
control terminals 8, 10 symmetrically disposed around 
the axis of the torsion beam 2 defined by the torsion bar 
4. The control terminals 8, 10 are connected to 
5 addressing lines (not shown) and a voltage is supplied to 
one or other. Also provided on the substrate 6 are a pair 
of landing electrodes 12, 14 disposed under the edges of 
the torsion beam 2. On the outer surface of the torsion 
beam is a reflective coating. The landing electrodes 12, 
10 14 are electrically connected to the torsion beam 2, 
which is conductive, and is connected to a bias voltage 
line . 

Each modulator has individual control terminal lines 
15 connected to the control terminals 8, 10, and all the 
bias voltage lines connected to the beam 2 and landing 
terminals 12, 14 are connected in common to a bias 
voltage source. 

20 In use, generally speaking, the application of a voltage 
to one control terminal 10 will set up an electric field 
between the control terminal 10 and the torsion beam 2; 
the voltage supplied to the control terminal 10 is 
generally such that the field is attractive. The beam 2 

25 therefore tends to rotate through an angle a towards the 
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control terminal 10 depending upon the magnitude of the 
field. The torsion bar 4 tends to resist any such 
rotation. If the field is sufficiently strong the beam 2 
will be drawn to make physical contact with the landing 
5 electrode 14; to avoid unwanted discharge the two are 
connected in common. The magnitude of the attractive 
field is controlled therefore by the bias voltage V fa 

applied to the beam 2 and by the voltage applied to the 
control electrode 10. It would be possible to 

10 simultaneously apply a voltage to the other control 
electrode 8, but in practice this is avoided; two 
voltages in the same sense would produce a net 
compressive or tensile stress rather than a turning 
moment in the beam 2, and this is undesirable because 

15 stresses can reduce the useful life of the modulator. 

Referring to Figure 2, a display device 20 comprises an 
array of modulators according to Figure 1 arranged as a 
rectangular matrix of m rows by n columns, each 
20 modulator providing one picture element (pixel). A 

melSocr~oir^almfa^ 

a common substrate is disclosed in the Hornbeck paper 
referred to above and in, for example, US 4566935 or US 
4710732. A light source 22 is provided to illuminate the 



- 10 - 



display 20, and a light receiver 24 (a pupil lens, or 
merely a viewing station for the human eye) is positioned 
so that for any modulator, light from the light source 22 
will be reflected to the receiver 24 when the modulator 
5 is in a first state (the "ON" state) and will be 
reflected to an area other than the receiver are 24 when 
the modulator is in a second state (the "OFF" state) . At 

any instant, therefore, during a display, certain 

modulators will be in the ON state and certain modulators 
10 will be in the OFF state so that the instantaneous 

picture received at the receiver 24 will comprise a black 

and white image. 

As described in our International applications W091/15843 
15 and W091/15923, the light source 22 maybe a high powered 
lamp and the light receiver 24 may comprise a projection 
lens system to direct modulated light to a display screen 
for viewing; three arrays may be provided, one for 
modulating each primary colour for a colour display 
20 system. 

Referring to Figures 3a and 3b, the manner in which each 
modulator is arranged to operate will now be described 
briefly (for a fuller description, Lhe reader is referred 
25 to the aforementioned prior art). Figure 3a shows a 
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graph of potential energy, on the vertical scale, against 
the deflection angle a (normalised, with the angle at 
which the beam 2 rests upon the landing terminals 12 , 14 
taken as + unity) . When the bias voltage V b applied to 

5 the beam exceeds a negative voltage level v x , which 
depends upon device geometry, the potential energy is 
lowest when the beam rests upon one of the landing 
electrodes 12, 14, as shown in Figure 3a. The central 
position, with the beam 2 parallel to the substrate 6, 

10 is unstable as are all intermediate positions. Thus, 
with the bias voltage V fa in excess of v ±t the beam 2 

remains stably latched resting upon one of the landing 
electrodes 12, 14 each of which defines one of the ON and 
OFF conditions of the modulator, and will remain latched 
15 until the bias voltage V b is removed, regardless of the 

value of the voltages on the control terminals. 

Referring to Figure 3b, by way of contrast, when the bias 
voltage V b is 0 volts the potential energy is lowest with 

"20— the-be-am-2— lyi-ng-para-ll'e-1— to-the" "subs tra te~6-an^~a^lying 
increasing voltage to one of the control terminals 8, 10 
has the effect of producing a corresponding increasing 
deflection from the parallel state towards a respective 
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one of the landing electrodes 12, 14 so that when a 
sufficiently high voltage is applied to one of the 
control electrodes the beam 2 is brought into contact 
with the corresponding landing electrode. However, this 
5 state is unstable in the sense that any reduction of the 
voltage V fa on the control electrode will allow the beam 2 

to once more move towards the stable parallel orientation. 

Also illustrated in Figure 3B is the case where the bias 
10 voltage V fc applied to beam 2 exceeds a threshold V 2 but 

does not exceed the bi-stable threshold when the 

bias voltage V fa lies within this range, the potential 

energy of the system exhibits three minima; a central 
minimum with the beam 2 lying parallel to the substrate 

15 6 f and minima with the beam 2 lying in contact with each 
of the landing electrodes 12, 14. In this state, if the 
bias voltage is applied to the beam 2 when- it is in any 
one of these three positions, the position will remain 
latched regardless of the value of voltage on the control 

20 terminals 8, 10. The modulator thus acts as a tri-stable 
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latched device when the bias voltage is in this 

range - 

Referring to Figure 4, the method of operation of a 
5 modulator in a digital grey-scale display device 20 will 
now be described. The state in which the beam 2 rests 
upon the landing terminal 14 will be. described as the 
"ON" state, and that in which the beam 2 rests upon the 
landing electrode 12 will be described as the "OFF" 
10 state; these states are induced respectively, by a 
voltage (V 0N ) supplied to the control electrode 10 and a 
voltage (V QFF ) of the same value supplied to the control 

terminal 8. When in the " ON" condition, the modulator 
reflects light to the receiver 24. - Imagine, for 

15 simplicity, that a video signal to be displayed upon the 
display 20 comprises a plurality of pixel values each 
comprising four bits defining, in binary form, the 
intensity of light at each picture element of the display 
20. For example, the light intensity may be 11/16 of 

20— the-whi-te-value-,— represented- in — binary— as— 1011 j The— 
modulator state is switchable at intervals defining four 
bit periods B 3 , B 2 , B Q , during which period the 

modulator sLate is latched. The period B n is the shortest 
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and corresponds to a single notional clock period. if 
the least significant . bit of the word is set, as is the 
case in this example, the modulator will be in the "ON" 
state during this bit period. The next -most significant 
5 bit period Blasts twice as long and if the corresponding 

bit of the luminance word is set (as is here the case) 
the modulator is in the ON state during this period. 
B 2 and are respectively 4 and 8 times as long as B Q . 

As shown, the modulator is responsive first to the most 
10 significant bit. Since this is set, the modulator 
remains in the ON state for eight clock cycles. Since 
the next-most significant bit is not set, the modulator 
is switched to the OFF state for the next four clock 
cycles. Since the next bit is set the modulator remains 
15 in the ON state for two cycles and since the least 
significant bit is set, the modulator remains in the ON 
state for an additional one cycle. Thus, over 15 cycles 
the modulator is ON during 11; since the sum of all the 
bit periods is less than the response time of the eye, 
20 the appearance of the modulator from the reception area 
24 is at a corresponding grey level of 11/16 the maximum 
possible luminance. 
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It will, of course, be appreciated that the order in 
which the various bits are "displayed" is entirely 
arbitrary for the purposes of the present invention, but 
in the following description the convention of displaying 
5 the most significant bit first and subsequent bits in 
order of significance will be adopted. 

To switch the modulator, to the most significant bit 
value a positive voltage (of, typically, a few volts for 
10 compatability with TTL circuits) is supplied to the ON 
control terminal 10 and the voltage on the OFF control 
terminal 8 is set to 0 volts. The bias voltage V b 

applied to the beam 2 is maintained at a negative value 
in excess of V ± so that the modulator is bi-stable and 
L5 the beam 2 remains locked in its present state regardless 
of the changes in the voltages on the control terminals. 
Just prior to the initiation of the most significant bit 
period, the bias voltage is brought to 0 volts (or, at 
any rate, to a level less than V-). 



If the state of the modulator has changed, neither the 
bias voltage nor the electrostatic field from the control 
terminal relating to the state in which it was previously 
held will influence the beam 2, which therefore swings up 
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through the parallel state and inclines somewhat towards 
the ON control terminal 10 • Since occasionally moisture 
may provide a "stiction" adhesion force trapping the beam 
2 on the landing electrode, it may be desired to provide 
5 an additional brief reset pulse as described more fully 
in the Hornbeck paper discussed above to the beam 2 to 
assist in separating it from the landing electrode. At a 
time sufficient to allow the beam 2 to settle the bias 
voltage V fa is then reapplied to the beam 2; since the 

10 beam 2 is now inclined towards the ON state terminal 10 
when the bias voltage is reapplied, the stable state is 
reached when the beam 2 rests upon the ON state landing 
terminal 14, The modulator is now stably in the ON state 
and the voltage V QN applied to the control terminal 10 

15 may be removed at any convenient time period. 

At some convenient point prior to the end of the most 
significant bit period B^, the bit data concerning the 

next bit B 2 is written to the modulator. In this case, 

20 since the next bit is a 0, a positive voltage is supplied 
to the OFF state terminal 8 (and, if not done already, 
the ON control terminal 10 is set to 0 volts ) . This has 
no immediate effect because the bias voltage V" is still 
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applied so the modulator remains latched in the ON 
condition. At, or just prior to, the end of the most 
significant bit period B 3 , the bias voltage V fa is reduced 

as discussed before to allow the beam 2 to break contact 
5 with the ON state landing terminal 14, pass through an 
angle parallel to the substrate 6 and incline towards the 
OFF state terminal 8. Upon reapplication of the bias 
voltage V fc to the beam 2 shortly thereafter, the beam is 

therefore pulled down to the OFF state landing electrode 
10 12 setting the modulator into the OFF condition. 

As before, shortly prior to the end of the bit period B 2 

the modulator receives the data enabling it to switch to 
the ON period for the subsequent bit period B ± ; in other 

15 words, a positive voltage is supplied to the ON state 
control terminal 10 and the voltage is removed from the 
OFF state control terminal 8; and then, the bias voltage 
is reduced for a time period sufficient to enable the 
beam 2 to break contact with the OFF state landing 

^°-^ lect rode-12_and_incline-towards — t-he— ON— state— control 

electrode 10. Subsequent reapplication of the bias 
voltage therefore switches the modulator back into the ON 
state. At the end of this bir period B 1# the same 
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process occurs except that since the modulator is to 
remain in the ON state the voltages applied to the 
control terminals 8, 10 are not changed and upon re- 
application of the bias voltage the beam 2 returns to 

5 the ON state landing terminal 14 whence it came. 

It will be evident from the foregoing that in fact the 
voltages V QN and V QFF applied to the terminal 8, 10 need 

only be applied during the period for which the bias 
10 voltage V fa is pulsed off; while the bias voltage is 

applied, the voltages present on the control terminals 
are irrelevant. These voltages may therefore be applied 
as pulses of limited duration commencing before and 
finishing after the period during which the bias voltage 
15 is pulsed off. 

Referring to Figure 5, the general operation of an array 
20 of modulators will now be explained. In the array 20, 
the beam 2 and landing electrodes 12, 14 of each 
20 modulator are all connected commonly to a bias voltage 
supply terminal fed from a system clock 50. The two 
control terminals 8, 10 (e.g. are connected in a 
conventional matrix addressing network), by row and 
column lines so that each modulator may separately be 
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written to. The two control terminals 8, 10 may be 
logically inter-connected so that when one is on the 
other is off, and controlled from a single address line. 
The row and column lines are connected to an address 
5 generator circuit 52 of any convenient type. An incoming 
digital video signal generally comprises a serial bit 
stream which represents, say, eight bits of one picture 
element followed by eight bits of the next adjacent 
element in a row, and so on in a row. scanned format. The 
10 clock rate of the signal is extracted to synchronise with 
the display clock circuit 50. The bit stream is then 
supplied to a bit reordering circuit 54, which generally 
comprises at least a frame store and suitable addressing 
logic, and the bit stream is reordered so that all most 
15 significant bits for each pixel are supplied first to the 
address circuit 52, followed by all next most 
significant bits, and so on. The bits are then written 
to the modulators making up the display 20 in some 
convenient scan pattern during the bit period B 

i-1 

20 immediately preceding the bit period B ± to which they 
relate. At the expiry of the bit period B i ^ all the 
bits B ± for the next bit period will have been written to 
to their corresponding modulators and the clock 50 brings 
the bias voltage line to ground to switch the 
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modulatorsover . No particular frame blanking period is 
necessary or provided. Thus, the most significant bits 
of the next frame must be written to the display 20 
during the least significant bit of the preceding 
5 frame . 

By providing a shift register or other first in first out 
(FIFO) device connected to each of the rows (or, 
alternatively, each of the columns) of the array 20, all 
10 modulators of a given row can be written to in parallel 
(as discussed below). However, even so, the time 
constraint imposed by this requirement to write bits to 
all modulators within the least significant bit period is 
severe; for example, employing an eight bit grey scale at 
15 a frame repetition period of 20 msecs the least 
significant bit length is approximate 78 usees and during 
this time, even supplying bits to all modulators of a row 
in parallel, for an average resolution display having 576 
rows the data rate required is (576/78) MHz = 7.4MHz. 
20 Achieving either higher resolution by employing more 
pixels as in proposed high definition television systems, 
or higher grey scale resolution by employing more bits 
per pixel, makes data rates unattractively high since 
the capacitance of addressing lines and other circuit 
25 components bepomes significant. 
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Referring to Figure 6, in one embodiment the addressing 
circuit 52 comprises a plurality of FIFO registers 56a , 
56b, 56c etc, each connected to a data line 57a , 57b, 
57c which is connectable to the control terminals 8, 10 
5 of each of the modulators of a single column. Row enable 
line 58a, 58b, 58c for each row of the array 20 are 
connected so that when a signal is placed on a row enable 
line the respective modulators of that row are connected 
to their respective column data lines 57a, 57b, 57 C ; 
10 this may conveniently be achieved, as shown, by 
connecting each row enable line 58a, 58b, 58c to the gate 
of a FET transistor interconnecting a modulator with its 
respective column line 57a. The row enable lines are 
connected to the outputs of a demulti- plexor 59 and 
15 sequentially selected by clocking the demultiplexer from 
the system clock 50. The clock 50 also clocks all the 
shift registers together. Thus, a row of bit values are 
written to each of the modulators of a given row and then 
the next row of bits are brought forward within the FIFOs 
20 56a, 56c and written to the next row, until bits for all 

rows-of-the-frame-have-been-written-to — the— display 20. 

The FIFOs 56a-56c etc then contain the next-most 
significant bits for the first row,^ ready to be written 
to the - display 20 in the next bit period. Bits received 
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from the bit reordering circuit 54 are distributed to the 
FIFOs 56a-56c etc in sequence via a demultiplexer 60 

In a device according to an embodiment of the invention 
5 the data rate constraint is alleviated as follows. 

Referring once again to Figure 3b it will be recalled 
that when the bias voltage is reduced below v^, there 
is a potential energy minimum associated with the 
0 parallel position of the beam 2. The voltages supplied 
to the control terminals 8 f 10 are insufficient to brincr 
the beam 2 into one of the ON or OFF states in the 
absence of a substantial bias voltage. It is therefore 
possible to reset the beam into the central parallel 
5 position, in which the control terminal voltages may be 
altered with only a minor effect on the orientation of 
the beam insufficient to put it into the ON state. it is 
therefore possible to put all the beams of all the 
modulators into the parallel position by reducing the 
bias voltage, and thus switch off one bit period without 
commencing the next. 
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Referring to Figure 8 f by contrast with Figures 4 and 7 , 
the working of the invention will be demonstrated. After 
the least significant bit period, there is provided a 
further period of the same length in which no modulator 
5 is switched on. By contrast with the apparatus of the 
preceding Figures 4 and 7, the length of a single frame 
is now 256 times the length of the least significant bit 
period instead of 255 times the least significant bit 
period; this results in a 0.4% reduction in overall 
10 brightness, but has an advantage in that the lengths of 
all the bit periods are even fractions of the frame 
length so that all bit periods can be derived by dividing 
down the clock period by successive multiples of 2. 
During the "dead time" period following the least 
15 significant bit, the beam 2 of each modulator lies in- the 
parallel state and the light source 22 and receiver 24 
are so arranged that the parallel state does not reflect 
light into the receiver 24 and thus the modulator appears 
to be in the "OFF" state. During this period, the 
20 voltages applied to the control terminals 8, 10 do not 

Gause-the-beam-2-to-enter-the-ON_s.tate_and^so^_this_period_ 

of dead time can be used to write the data to be used for 
the most significant bit period of the next frame. In 
other words, the effective time available for writing 

25 data in the worst case is almost doubled (2/256 instead 
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of 1/255). This effective halving of the data rate for a 
given resolution can be used either to increase the 
number of pixels by two, or the grey scale resolution by 
one bit, or to halve the data rate. 

5 

In the light of the foregoing, however, it will readily 
be appreciated that the principle of the invention can be 
extended to further reduce the required bit rate . 
Referring to Figure 9, the data rate may be halved yet 
10 again by providing an additional four dead time periods; 
two periods after the next-least significant bit but 
before the least significant bit and two more (making a 
total of three) following the least significant bit. 
There are now four least significant bit periods T 
15 available for writing bit data during least significant 
bit period and least but one most significant bit period; 
additionally, the period B 2 is already four least 

significant bit periods long and all other bit periods 
are longer than this. Thus, in the worst case, the time 
20 available for data transmission is 4/260 as opposed 1/255 
in the method of Figures 4 and 7 . The price to pay is a 
slight decrease in overall brightness since the maximum 
whiteness compared to the previous proposal is 255/260 
instead ot 255/255. However, the grey scale itself if 
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undistorted by the process since all the bit periods are 
still exactly related in length by multiples of 2. In 

general, for a clock rate reduction of 2 n it can be shown 
that the required display dead time is: 

Dead time = T.g En.2~(n-1) (i) 

This may be summarised in the following table: 



15 



w 




Dead time 


Loss 
8 bit 


Loss 
10 bit 


0 


1 


0 


0% 


0% 


1 


2 


T 


0.39% 


0.098% 


2 


4 


5T 


1.96% 


0.49% 


3 


8 


17T 


6.7% 


1.66% 


4 


16 


49T 


19.2% 


4.79% 


In 


practice 


the errors will 


be slightly less than 



calculated in the above table when the effects of the 
compression of the display time caused are taken into 
account . It can th us be deduced from the table that a 10 
bit brightness resolution can be achieved at a burst data 
clock rate of 1/4 that of eight bit binary system which 
uses the arrangement of Figures 4 and 7, with only a 5% 
loss in peak brightness. In practice, the minimum least 
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significant bit period time, and hence the maximum binary- 
display resolution, will be limited by the physical 
response time of the modulator device. Any drop in peak 
brightness can, of course, be compensated by increasing 
5 the power of the light source 22 commensurately. 

It is thus seen that the invention has the effect of de- 
coupling the data rate from the length of the bit periods 
(specifically that of the least significant bit) by 

10 switching all modulators out of the ON state, writing 
to the modulators, and then allowing the modulators to 
take up the states corresponding to the data written to 
them. If necessary, all the bit periods could be 
separated one from the other by extended dead time 

15 periods during which writing takes place. 

Referring to Figure 10, one particular implementation of 
the clock circuit 50 will now be described. A master 
data clock signal is derived from any convenient source 
20 (e.g. a crystal oscillator) and synchronised 
appropriately with the incoming data stream. 

The time required to write data bits to all modulators is 
M master clock cycles - (in the embodiment of Figure 6, 
25 this is equal to the number of rows if the master clock 
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runs at the bit transfer rate). The bit periods are set 
from a duration counter 100 which counts a number of 
clock cycles equivalent to each bit period length? the 
bit period lengths are held in successive locations in a 
5 ROM table 102 connected to the duration counter 100. At 
the end of a bit period, when the duration 100 counter 
counts down to zero, a modulator reset signal is 
generated which, as discussed above, removes the bias 
voltage and supplies a reset pulse to the beam 2 so as to 
10 cause the beam 2 to be switched to the parallel state 
(which appears to be "OFF" to the receiver 24). However, 
as discussed above, the next bit period is not 
necessarily instantly initiated; following some bit 
periods there will be a "dead time" interval. 

During the down counting of the duration counter 100, at 
each step the count (remaining) is compared with m, the 
number of clock cycles required to write data to the 
display 20. When the count becomes equal to or less than 

20 M, a data counter 104 is enabled which counts M 
suc ces sive clock periods. Also enabled is a gate lOfi 
which thereafter passes the clock signals to the address 
circuitry 52 to enable the data bits to be written to the 
display 20. When the data counter 104 has counted out M 

25 cycles, the transmission of data to the display 20 will 
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be complete. If the bit period was longer than M clock 
cycles (as it will generally be for the more significant 
bits), the duration counter 100 will also stop counting 
at this point but if the bit period was the least 
5 significant bit period, the duration counter will 
already have stopped since this period is shorter than M 
cycles. The data counter 104 then outputs a control 
signal which applies the bias voltage V b to the beams 2 

of the modulators of the display 20 . The control signal 
10 also increments an interval counter 108 to indicate that 
the next bit period is to commence. The output of the 
interval counter 108 is coupled to the address lines of 
the ROM lookup table 102 , which correspondingly puts the 
duration of the next bit period on its data output lines 
15 to be supplied -to the duration counter 100, which starts 
running . 

The circuit of Fig. 10 may be provided by discrete 
digital circuit components, or by a specially designed 
20 ASIC (application specific integrated circuit). However, 
a high speed microcomputer, or microprocessor or DSP 
device with associated ROM and RAM memory, may equally be 
employed to provide the circuit. 
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Means for generating voltage pulses of suitable values 
are well known in the art. 

Where the present invention is employed in a system 
according to our above referenced PCT applications, the 
same timing circuit 50 may provide the timing for several 
different modulator devices, one for each primary colour 
of a colour projected display. 

Whilst the invention has been described in relation to a 
display device, it will be understood also to be 
applicable to, for example, printer devices where light 
or other radiation is directed onto a surface to record 
an image. 
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CLAIMS : 

1. An output device comprising a plurality of optical 
modulators physically moveable between two physical 
states corresponding to modulation states, and means 
for supplying data signals to the modulators to select 
said states, further comprising means for resetting 
the said modulators by switching them to a physical 
position intermediate said two physical states, 
characterised in that the means for supplying data are 
arranged to do so whilst the modulators are in said 
intermediate state. 

2. A method of operating an output device comprising 
at least one light modulator switchable between first 
and second modulation states comprising the steps of: 
holding the modulator in one of said states for a 
predetermined time; at the expiry of said time, 
switching the modulator to a third state functionally 
equivalent to one of said first and second states; 
sending to the modulator a signal defining which of 
said first and second states is next to be output 
whilst holding said modulator in said third state; and 
switching said modulator to said next state. 



25 
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3. An image output device comprising a plurality of 
light modulators having two stably latched modulation 
states in which data for a future state may be written 
to each modulator, in which each modulator has also a 
third stably latched state into which it is switched 
prior to being switched into the future state, and in 
which data for the future state may be written to 
it. 

4. An output device comprising an array of light 
modulators capable of operating an either a bi-stable 
or a tri-stable condition in dependence upon a control 
signal, and means for supplying a control signal to 
select one of said conditions at one point of the 
display cycle and the other at another point of the 
display cycle. 

5. An output device comprising a plurality of 
modulators each modulator having an ON state and an 
OFF state and control circuitry arranged to represent 

~a — ~"mul-fi=bl-t -binary — input — value—by — setting the— 

modulator to one of the states over a corresponding 
plurality of periods; each period having a length 
which corresponds to the bit Lo which the period 
relates; the state of the device in each bit period 
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being determined by the value of the corresponding 
bits; the control circuitry being arranged to write 
data relating to each bit to the modulators during 
display of the preceding bit; in which there are 
provided means for setting the modulators to an 
intermediate state at the end of one bit period and 
holding the modulators in said intermediate state 
whilst writing data thereto prior to setting the 
modulators to the next state. 



6. A device according to„ any preceding claim, in 
which the modulators comprise reflectors movable 
between first and second reflection angles 
corresponding to said modulation* states . 

7. An output device comprising a plurality of 
deformable mirror devices each having two angular 
deflection states and means for holding each device in 
a central deflection state whilst writing data 
defining the next angular deflection state to the 
device - 



8. A timing control circuit for use in setting the 
modulators of a device according Lo any preceding 
claim. 
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9. An output system comprising a timing control 
circuit according to claim 8 arranged to control a 
plurality of modulator arrays. 



10. A display device according to any preceding 
claim. 
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